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(57) Abstract 

A method and system for detecting nonfunctional ink-jets 
and compensating for the nonfunctional ink-jets in an ink-jet 
printer (54). the ink-jet printer (54) includes a prihthead (44) 
having a plurality of ink-jets (192), each mk-jet (192) being 
assigned to print respective dots on a lespective raster line of a 
recording medium In adpahdance wiuS a print mask (100), wherein 
when an ink-jet (192X is detected as being defective,! at least 
a portion of said print mask is : replaced with a replacement 
mask (500) such that one or more of the remaining ink-jets 
(192) of the plurality of ^ 

ink-jet The method inciudes: detecting when an ink-jet (192) 
is nonfunctional; and when an ink-jet is determined to be 
nonfunctional, replacing at least a portion of the print mask (100) 
with a replacement mask (500) such that one or more of the 
remaining ink-jets (1^) of the plui^ity of irik-jets compensates 
for the nonfunctional ink-jet. In order to detect a nonfunctional element, e.g., an ink-jet, in the printhead, the ink-jet printer system of 
the invention further includes: a switching power supply (80), coupled to the ink-jet printhead (44), for supplying power to the printhead 
(44); an output capacitor (164), coupled to an output of the switching power supply (80), for storing a dc voltage therein; a bleed resistor 
(166) coupled in parallel to the output capacitor (164), for discharging current from the output capacitor (164); an output shifting circuit 
(164, 166, 172 and 174), coupled to the switching power supply, for shifting the dc voltage level across the output capacitor (164) from a 
low state to a high state; and a sensor (180), coupled to the output of the switching power supply (80), for detecting when the switching 
power supply (80) is switching, wherein an element of the printhead (44) is tested by measuring a test current discharging from the output 
capacitor (164) when the element is activated and comparing the measured test current with a reference current which discharges from the 
output capacitor (164) through the bleed resistor (166) where no element of the printhead (44) is activated. The method includes: supplying 
regulated power to the printhead (44); storing the regulated power in a capacitor (164) so as to provide a dc voltage across the capacitor, 
shifting the dc voltage level stored in the capacitor (164) from a low state to a high state; measuring a test current discharging from the 
capacitor (164) when an element of the printhead (44) is activated; measuring a reference current discharging from the capacitor (164) 
through a bleed resistor (166), when no elements of the printhead (44) are activated; and comparing the measured test current with the 
reference current 
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INK JET PRINTER, METHOD AND SYSTEM COMPENSATING FOR NONFUNCTIONAL PRINT 
ELEMENTS 

Field of the Invention 

The invention relates to multi-pass ink-jet printing. More particularly, the invention relates to a method and 
5 system for detecting one or more failed ink jets and thereafter compensating for the one or more failed ink jets with 
the remaining operational ink jets. 

Description of the Related Technology 

Multi-pass printing is a technique used to reduce banding in ink-jet printing* Dots of ink, when still in liquid 
10 form, tend to run together due to surface tension. This is referred to as coalescence. To print a high quality image 
it is important to print individual round dots. But to achieve fuO saturated colors, the dots must overlap to 

• - * t • • ■,,,!,,■!...*.. i ... i r* 1 1 . . . , i ..... . !..;.-...'. . . . . . , . . t . . . . .*..,* . . . ; . . ; . 

completely cover the paper. By only printing a portion of the image data so as to^avoid simultaneously printing 

adjacent dots during each printing cycle, coalescence may be largely avoided. Additionally, by avoiding all horizontal 

adjacencies, the transverse speed of the printing mechanism can be increased up to two times the rated print speed 

.... '1.5:'. . . ' ... : of the printhead. . . . . 

• * ■ * 

Multi-pass printing is accomplished by filtering the Image data using a print mask to determine which dots 

are to be printed in each swath. A swath is defined as a region, or portion, of a recording medium which is printed 

upon by a given portion, or print zone, of a printhead cartridge having a specified number of ink jets, as the printhead 

cartridge passes oyer the recording medium. The swath successively advances through each print zone after each 

20 pass of the printhead and is partially printed in each print zone. The printing of a swath is completed after it has 
successively advanced through each print zone. 

In multi-pass printing, each jet of a printhead is assigned the role of ejecting ink, as necessary, onto pre- 
specified areas or "dots* on a raster Tine which is currently in the jet's respective print zone. However, a jet 
sometimes fails either due to being clogged or electrical problems in its firing circuitry. When this occurs, the pre- 

25 specified areas which are assigned to the failed jet in accordance with a respective jet mask, are not printed upon. 
Therefore, if one or more jets fail and there are many areas in which intended ink drops are not deposited, the 

. . . . . ... . .. ._■ t ■ .... ■ ....... . . . . . .....»»•*.... ... - pi. ■•>■*■■» ...... i ... *• _ - « . - ... . » r ' " 1 ' 

quality of the printed image may significantly suffer. 

Prior art methods have dealt with this problem by utilizing auxiliary jets in the printhead which are assigned 
the task of replacing failed jets. However, this method is inefficient because these auxiliary jets are inactive during 
30 periods when there are no jet failures. Therefore, the auxiliary jets represent printhead resources which are not fully 
utilized to their maximum potential. Additionally, in order to safeguard against situations in which multiple jets 
simultaneously fail, not just one but a bank of multiple auxiliary jets are set aside in the printhead for taking the 
place of failed jets. Although printheads having multiple auxiliary printheads improve the reliability and quality of 
the images produced by the printer, these printheads are more costly, larger and, therefore, require more space in 
35 a printer than those printheads without auxiliary jets. 
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A basic premise of ink jet printers is that all ink jets must "fire" properly (i.e., eject ink droplets] or the 
quality of the present image may be degraded. The detection of nonfunctional ink jets, otherwise referred to herein 
as "open jet detection," is a method of determining which jets within a printhead cartridge are electrically 
nonfunctional. This electrical non-functionality can result from open traces, damaged drop ejection resistors, changed 
5 resistance values, or poor contact between the cartridge and a "flex circuit" which provides control signals to the 
cartridge. All of these errors may cause one or more jets of a printhead cartridge to not fire, or fire improperly, 
resulting in anomalies in the printed image. 

Defective jets can also result from clogged jet nozzles. Current open jet detection methods are unable to 
electronically detect clogged jets that are still electrically correct. However, by executing a prime printing pattern 

10 using a printhead cartridge under test, and observing the printed results, a user may identify clogged jets and 
manually input the address or reference designation of each clogged jet into a list of defective or nonfunctional jets. 
The list of defective or nonfunctional jets, otherwise referred to herein as the "opeji jet list," is a record of all 
nonfunctional jets in the respective printhead cartridge. By updating the open jet list a user of the ink jet printer 
may be notified as to when a printhead cartridge has an unacceptable number of nonfunctional jets. Additionally, 

15 prior art methods utilized this open jet list to compensate f or the nonfunctional ink jets with one or more auxiliary 
jets in the printhead cartridge. 

A common way of measuring current in a circuit is to measure the voltage across a resistor in series with 

■ • ■. . * » * 

the circuit. Prior art methods of detecting nonfunctional jets have utilized this concept to measure current through 
printhead circuitry as one or more jets in a printhead cartridge are fired; For exanijjfe each of four 

20 cartridges has four sets of 14 jets. Firing all the jets requires a sequence of 14 separate firings for the 14 jets in 
each set. During testing, only one jet in each set of jets is turned on at any instant in time. There is a resistor 
in series with each set of jets for each Cartridge for a total of 16 series resistors. The voltage drop across a series 
resistor is due to a single jet firing. However, if no jet in that set is firing, the voltage drop will be zero. The 
voltage drop across each of the series resistors is typically connected through a diode to a common point and 

25 compared to a reference voltage. The output from the comparison is an indication of whether a jet is properly 
functioning. By firing each jet one at a time, it can be determined whether each one has electrical continuity. 

The above-described method becomes less desirable as the number of jets and, hence, the number of sets 
of jets, increases, necessitating an increase in the number of series resistors. These series resistors waste energy, 
generate heat, waste board space and cost money. The prior art method also has limited functionality in that it only 

30 indicates that the current through a jet was greater than or less than some predetermined threshold. This type of 
indication does not distinguish between the different types of problems which may cause an ink jet to misfire, or 
not fire at ail. For example, the prior art method cannot distinguish between a shorted power line, a shorted address 
line, or a damaged drop ejection resistor in an ink jet printhead. 

35 
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Summary of the Invention 

The invention provides a multi-pass printing compensation scheme which detects nonfunctional ink jets in 
a jet group and utilizes any remaining jets of the jet group to compensate for the one or more failed jets in that jet 
group, without the utilization of otherwise idle auxiliary jets. The method and system of the invention accomplishes 
5 this task by assigning new replacement jet masks to the remaining jets of the jet group such that all areas, or dots, 
on a respective raster line are accounted for. Furthermore, these replacement jet masks avoid forming horizontally 
and vertically adjacent dots during a single pass of the printhead over the recording medium. 

In one embodiment of ili^ inVentlori; a system for compensating for defective ink jets in an ink jet printer 
includes: a printhead having a plurafity of print zones and a plurality of ink jets in each print zone, each ink jet being 
10: assigned to print respective dot* ^ rpcvijing i medium, wherein the plurality of ink jets 

are divided into a plurality if jet g^ group Havi n|: at least one ink jet in eath print zone; a plurality of 

jet group: masks torres^ rei^ective one of said ^lur^ : of jets group?; ^herein each jet group mask 

allocates the printing ol dQ?«; Off ;^ ^P^ctKre: raster iirie 1o : each of thei ihfe: jets^ of a respective jet group; and a 
replacement jet group mask which replaces the jet group mask for a jet group flaying one or more nonfunctional ink 
IS jets; w^ 

the jet group having one or more nqnf unqtipnal ink jets. As a ^ ink jets so as to of 

the jet group comp ensate for the one or more nonfunctional ink jets;: This in that jet group. In a preferred 
embodiment, the above-described system of the invention does not utilize auxiliary jets which are idle during times 
of normal operas Beref ore, the rwqu 
20 In another embodiment, an ink-jet printer includes: a printhead having a plurality of ink jets, each ink jet 

........ ' 

being assigned to print respective dots on a respective raster line of a recording medium in accordance with a print 
mask, wherein when an ink jet is detected as being defective, at least a portion of said print mask is replaced with 
a replacement print mask such that one or more of the remaining ink jets of the plurality of ink jets compensates 
for the defective ink jet. In a preferred embodiment, the above-described in k jet printer does not utilize auxiliary jets 

........ # 

25 which are idle during times of normal operation. Theref ore, the resources of the printhead are maximized. 

In a further embodiment, in the printer described above, when an ink jet in a jet group is detected as being 
non-functjonal during a printing process, the replacement jet masks assigned to the remaining functional ink jets in 
that jet group successively replace the original jet masks of each respective ink jet in that jet group one print zone 
at a time, per pass of the printhead over the recording medium, so as to provide a gradual transition from the original 
30 jet group mask to the replacement jet group mask. 

As described above, if one or more defective jets are detected during the printing process, the method and 

. . . .... -* * ... ... 

system of the invention successively updates the portions of the print mask corresponding to only one print zone at 

..... ..... «- * 

a time. For example, if a defective jet is detected during printing, then prior to the next pass of the printhead over 
the recording medium, the jet masks corresponding to print zone 1 are updated and the printhead is then allowed 
35 to make another pass over the recording medium. Prior to the next pass, the jet masks corresponding to print zone 
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2 are updated, and so on. In this way, if a defective or nonfunctional jet is detected during the middle of a printing 
job, a smooth transition from the original jet group mask to the replacement jet group masked is achieved. 

In another embodiment in the printer described above, the plurality of replacement jet masks are 
sequentially numbered and assigned to respective remaining functional ink jets of the first jet group based upon the 
5 print zone numbers of the remaining functional ink jets such that ascending replacement jet mask numbers correlate 
with ascending print zone numbers; and when said first jet group fa adjacent to said second jet group, the plurality 
of replacement jet masks are assigned to respective remaining functional ink jets of the second jet group based on 
a rotation scheme such that the order of assignment of the plurality of replacement jet masks to respective 
functional ink jets in the second jet group is rotated when compared to the order of assignment of the plurality of 
10 replacement jet masks to respective functional ink jets in the first jet group so as to avoid the assignment of 
identical replacement jet masks to adjacent ink jets in one print zone. 

The invention further allows the multi-pass printing method to red coalescence of printed 

: . dots by following a compensation scheme which avoids the printing of vertically and horizontally adjacent dots during 
a single pass of the print head over the recording medium. If adjacent jets are non-functional, theiv the order of 
15 assignment of the replacement masks to the remaining functional jets of a second jet group is rotated such that 
adjacent functional jets do not have identical replacement masks. In this way, vertical adjacencies are minimized. 

In yet another embodiment, a method of compensating for nonfunctional ink jets in an ink jet printer which 
includes a printhead having a plurality of ink jets, each ink jet being assigned to print respective dot s OH a respective 
raster line of a recording medium in accordan ce Witti a print mask; includes: When o ne or Mre irili jeW are 
20 determined to be nonfunctional, replacing at least a portion of the print mask with a replacement print mask such 
that one or more of the remaining ink jets of the plurality of ink jets compensates for the nonfunctional ink jet. In 
a preferred embodiment, the abo verdescribed method does not utilize auxiliary jets, which are idle during times of 
normal operation, to compensate for the one or more nonfunctional ink jets. Therefore, the resources of the 
printhead are maximized. 

25 The invention further provides significant advantages ever the prior art by providing a method and system 

for detecting nonfunctional elements in a ink jet printhead that does not require series resistive elements to measure 
current in the printhead. In the method and system of the invention, the current required to fire an ink jet is not 
measured by measuring the voltage drop across a series resistor, but rather, by measuring the discharge rate of an 
output capacitor connected to an output of a switching power supply as one or more elements of the printhead are 

30 activated. By measuring the discharge rate of the output capacitor after an ink jet has been fired, or after a power 
line to the ink jet has been turned on, or after an address fine to the ink jet has been turned on, for example, and 
comparing this test discharge rate with a reference discharge rate, the invention provides a very effective and 
accurate solution to the problem of determining whether there is a defective ink jet, a defective power line, or a 
defective address line, for example. Once such a determination is made, information regarding a defective element 

35 of the printhead may be stored in memory. For example, if a ink jet is determined to be defective, its address may 
be included in the open jet fist described above which is stored in a memory of the ink jet printer. 
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As used herein, the term "element" may refer to any component, such as an ink jet, a power line, or an 
address line within a printhead cartridge, or any other component within an ink jet printhead cartridge. Additionally, 
when an element is said to be "activated," this term may refer to the turning on of a power line or address line, 
or the firing of an ink jet, or the turning on of any of the various other components in the ink jet printhead cartridge. 
5 As used herein, the terms "element" and "activate*, and any combination or conjugations thereof, should be given 
their ordinary broad meaning and scope. Additionally, unless otherwise indicated, the terms "printhead" and 
"printhead cartridge" are used synonymously and interchangeably. 

The improved detection method and system of the invention measures the time it takes for power supply 
capacitors supplying power to one or more ink jet cartridges to discharge a small amount of current, the average 
10 current supplied by the capacitors during that time is given by the following equation: 




jr— _ ^ £ x ■ — ■ , (1) 

average — ■ ■ •■ ' 




where C is the capacitance of the power supply capacitors, dV is the change in voltage across the capacitors, and 
dt is the time measured for the voltage change to occur. A switching power supply which supplies power to the 
ink jet cartridges is enhanced to provide this measurement capability by the addition of two functions. In a preferred 
embodiment, a first function increases the quiescent output voltage level by an amount equal to dV and thereafter, 

15 decreases the quiescent voltage level to its original value, thereby causing the power supply to interrupt its switching 
operation untB the output capacitor {C,] 106 discharges to its original quiescent levels. In other words, the switching 
power supply will temporally cease providing an output pulse waveform until the output capacitor (C,) 106 discharges 
to the original levels. A second function detects when the switching power supply resumes switching after the 
voltage across the capacitors has decreased to its original level In this way, the time required for the output 

20 capacitor to discharge an amount of current which changes the voltage across the capacitor by an amount equal 
to dV can be measured. 

in order to detect clogged ink jets, the detection method and system of the invention can also utilize the 
printing of a prime pattern. Thereafter, an operator can visually examine the prime pattern and determine which ink 
jets, if any, are nonfunctional, the operator can then manually input the reference designation or address of each 

25 nonfunctional ink jet into the open jet list, for example. As described above, this open jet list may be used to update 
print masks stored within a memory of the ink jet printer, or notify the operator when a particular printhead cartridge 
has an unacceptable number of nonfunctional ink jets. 

In one embodiment of the invention, an ink jet printer system for detecting a nonfunctional element in an 
ink jet printhead, includes: a switching power supply, coupled to the Inkjet printhead, for supplying power to the 

30 printhead; an output capacitor, coupled to an output of the switching power supply, for storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor, for discharging current from the output capacitor; an 
output shifting circuit, coupled to the switching power supply, for shifting the dc voltage level across the output 
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capacitor between a low state and a high state; and a sensor, coupled to the output of the switching power supply, 
for detecting when the switching power supply is switching, wherein an element of the printhead is tested by 
measuring a test current discharging from the output capacitor when the element is activated and comparing the 
measured test current with a reference current which discharges from the output capacitor through the bleed resistor 

5 when no element of the printhead is activated. 

In another embodiment, an ink jet printer system for detecting a nonfunctional element in an ink jet 
printhead, includes: means for supplying regulated power to the printhead; capacitor means, coupled to the means 
for supplying regulated power, for storing a dc voltage therein; means for discharg ing current from the capacitor 
means; means for shifting the dc voltage level stored in the capacitor means from ai low state to a high state; means 

10 for measuring a test current discharging from the capacitor means when an element of the printhead is activated; 
and means for comparing the measured test current with a reference current which discharp 
means through only the means for discharging. 

In a further embodiment, a method of detecting a nonfunctional element in an ink jet printhead includes the 
acts of: supplying regulated power to the printhead; storing the regulated power in a capacitor so as to provide a 

15 dc voltage across the capacitor; shifting the dc voltage level stored in the capacitor from a low state to a high state; 
measuring a test current discharging from the capacitor when an element of the printhead is activated; measuring 
a reference current discharging from the capacitor through a bleed resistor, when no elements of the printhead are 
activated; and comparing the measured test current with the reference current. 



20 Brief Description of the Drawings 

Figure 1 is a block diagram of the components of an ink jet printer system. 

Figure 2 illustrates a portion of a print mask for a 104 jet printhead having six print zones corresponding 
to a six-pass multi-pass printing configuration. 

Figure 3 illustrates six jet masks corresponding to jet group 8 2 of the print mask of Figure 2, each jet 
25 mask corresponding to a respective jet and a respective print zone. 

Figure 4 illustrates the dots on the raster line which are printed in each print zone in accordance with the 
six jet masks of jet group # 2 of Figure 3, as the raster line on the recording medium is successively advanced 
through each print zone. 

Figure 5 illustrates the printing configuration of successive swaths of a recording medium as the recording 
30 medium successively passes through the six print zones of the printhead of Figure 2 when using the print mask of 
Figure 2. 

Figure 6 illustrates a first replacement jet group mask for a jet group which has one defective jet, in 
accordance with one embodiment of the invention. 

Figure 7 illustrates a second replacement jet group mask for a first jet group which has two defective jets, 
35 in accordance with one embodiment of the invention. 
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Figure 8 illustrates a third replacement jet group mask for a jet group which has three defective jets, in 
accordance with on^embddiment of the invention. 

Figure 9 illustrates a fourth replacement jet group mask for a jet group which has four defective jets, in 
accordance with one embodiment of the invention. 
5 Figure 10 illustrates the correlation between each of the six print zones and each replacement jet mask of 

- the first replacement jet group mask of Figure 5. 

Figure 1 1 illustrates a portion of a print mask when jet 12 in jet group 12 is determined to be non- 
functional and jet group mask 12 has been replaced by the first replacement jet group mask of Figure 6. 

Figure 12 illustrates the printing configuration of successive swaths of a recording medium as the recording 
10 medium successively passes through the six print zones of the printhead of Figure 2 when using the print mask of 
Figure 11. 

Figure 13 illustrates identical replacement jet masks assigned to adjacent jet^within each print zone. 
Figure 14 illustrates the first replacement jet group mask of Figure 6, having its individual jet masks rotated 

. . ■ * . ...... . . _*.......".. * . « - * * » • - * - ...... 

in a round robin fashion to be utilized on a second jet group, adjacent to the first jet group. 
15 ": Figure 15 

rotated version of the first replacement |et group mask as shown in Figure 14, assig ned to a secon d jet group, 
adjacent the first jet group; in accordance wHh one embpdM 

* . . « - - J. ♦*. . . . . *. - •-- -• ...... -.*.-■■ --*-* * "."■**' ■ " ----- *- ..«*». • *"»*"* 

Figure 16 illustrates a schematic diagram of a circuit, coupled to an ink jet printer cartridg e, which is used 
to determine if one or more ink jets in the cartrWge is non^ one embodiment of the 

.*'."■**""■■■■ ..*.•*■.*■**.*. - * - . ""■*■*"■ * 

-*. »• , 

20 invention^ 

Figure 17 illustrates an ink jet matrix which exemplifies the relationship between each ink jet in an ink jet 
cartridge and their corresponding power fines and address fines. 

Figure 18 is a response curve which illustrates s decrease in voltage level across an output capacitor as 
the capacitor discharges. 

25 

Detailed Description of the Preferred Embodiment 
The invention is described in detail below with reference to the figures. 

Referring to Figure 1, various components of a typical ink jet printer 54 are illustrated. These various 
components include the control electronics inside the ink jet printer 54 which are used to control ink droplet ejection 

30 from the ink jets of a printhead cartridge 44 of a printhead carriage 42. A host computer 50 communicates with 
a processor 52 integral with the ink jet printer 54. The host computer 50 runs drivier software which issues print 
commands and sends data to the ink jet printer. As in conventional ink jet printers, the processor 52 communicates 
with a display and keypad 56, memory 58, and drive circuits 60 which control the print carriage motor 62 and paper 
motor 63 as well as powering a fan 66. In addition, the processor 52 routes signals to print logic 70, which 

35 actuates the ink jets of each printhead cartridge 44 located within the printhead 42. The ink jet printer 54 further 
includes a switching power supply 80, coupled to the printhead cartridge 44 of the printhead carriage 42, which 
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provides power to fire each individual ink jet of the cartridge 44. The system comprising the switching power supply 
80 and the printhead cartridge 44, coupled to the output of the power supply 80, is described in further detail below 
with reference to Figure 16. 

The processor 52, in accordance with internal firmware stored in a portion of the memory 58, selectively 
ejects ink droplets from the ink jets of each cartridge 44. The programming of the processor thus determines which 
ink jet of the printhead cartridge 44 is assigned to be used to eject an ink droplet onto any given grid location of 
the printed image when the relevant swath being printed calls for a droplet at that given grid location. In multi-pass 
printing, for example, the set of nozzle to grid location assignments is commonly referred to as a print mask, and 
the print mask definition is stored in memory 58 in the ink jet printer 54. The function and operation of a print 
mask is described in further detail below with reference to Figures 2-1 ;4|| 

Referring to Figure 2, one example of a print mask 100 having six print zones 102a-f> and 17 individual 
jet masks 104 within each print zone 102a-f (for a total of 102 individual jet masks 1^4); is illustrated. A separate 
print mask 100 is defined for each print-mode (number of passes) supported by the device and is used, unchanged, 
throughout the processing and printing of an image. The print mask 100 is made up of the individual jet masks 104 
that determine the dots fired by each jet of a printhead; Thwe individual jet maski 1 04 such that 

adjacent jets on the printhead do not print horizontally or Vertically adjacent dots during a single pass of the 
printhead across the recording medium. As described above, by avoiding horizontal and vertical adjacencies, printing 
anomalies and distortions caused by the coalescence of adjacent dots are substantial^ reduced: 

As shown in Figure 2, the ^ 
number of passes for which that print mask was designed. A set of jets having one jet from each zone makes up 
a complementary jet group. Jet masks for each jet in a jet group make up a jet group mask. For example jet mask 
no's 2, 19, 36, 53, 70 and 87 make up jet grbiip mask rib; 2. Figure 4 illustrates bn^^e^ 

mtk . h0 " 2 Which includt!S the six fet masks 2, 19, 36, 53, 70 and 87. These six jet masks 2, 19, 36, 53, 70 and 
87 correspond to the six print zones 1, 2, 3, 4, 5 and 6, respectively. 

During printing, each print zone 102a-f prints a swath of the recording medium, Referring again to Figure 
2, a swath may be defined as the set of seventeen vertically adjacent raster lines on the recording medium within 
each respective print zone. However, it is understood that the invention is not limited by any specific number of 
raster fines in a swath or jet masks in a given print zone. Different embodiments are envisioned which contain 

■ ■ 

different numbers of raster fines per swath and/or jet masks per print zone. 

Referring to Figure 4. each Jet mask 2, 19, 36, 53, 70 and 87 of the jet group mask of Figure 3 is 
illustrated within its corresponding print zone 1-6. Each raster line in a swath is printed by a single jet group with 
the work being shared between the members of that jet group. For example, during a first pass of the printhead 
over the recording medium, a swath of the recording medium is in print zone #1 and the second jet of the printhead 
belonging to jet group 2, prints dots on a corresponding second raster line 302 of the swath in accordance with jet 
mask 2 of Figure 3. Figure 4 further illustrates the allocation of dots on a single raster line 302 in accordance with 
jet masks 2, 19, 36, 53, 70 and 87 of jet group mask 2, as the single raster line 302 advances through each print 
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zone 1-6. As shown in Figure 4, jet mask 2 indicates which dots on the second raster line that jet 2 is responsible 
for printing. If the image requires ink to be printed on a dot for which the second jet is responsible for, this dot 
is printed during the first pass of the print head over the swath when it is in print zone 1. 

After printing the swath in print zone 1, the recording media is advanced by an amount equal to the size 
of one zone such that the swath is now in print zone 2. When the swath is in print zone 2, the second raster line 
302 is aligned with a jet of the printhead which is a member of jet group 2. In print zone 2, the second raster line 
302; which has been partially printed upon by the second jet when it was in prim 1, is now printed upon, as 
necessary, by the nineteenth jet of the printhead during a second pass of the printhead over the recording medium. 
As discussed above, the nineteenth jet and its corresponding jet mask 19 is the next member of jet group 2 which 
is responsible for printing the second raster line 302 in the swath. Jet mask 19 allocates which dots are printed 
by the nineteenth jet. 

After printing the swath in print zone 2, the recording media is once again .^dvanced by an amount equal 
to the size of one zone such that the swath is now in print zone 3. In print zone 3, the second raster line 302 is 
aligned with a 36th jet of the printhead and is printed upon, as necessary; by the 36th jet in accordance with jet 
mask 36^ to 

The above-described process is repeated until the swath has been printed upon in each print zone. As 
shown in Figure 3, after the swath has completed the six-pass printing process and advanced through each of the 
six print zones, all the dots of the raster line 302 are accounted for. As used herein, the term "dot" refers to any 
area of any shape or size ion a recording medium/ which may be covered by in k by a ;; jet • :■: 

Figure 5 illustrates adjacent swaths of a recording medium which have undergone various stages of a six- 
pass (hence, six zone) printing process. The configuration of dots on the recording medium represents all the dots 
which may be printed in a given zone plus all previous zones. In the example shown, the image to be printed on 
the recording medium is a solid image, otherwise known as a "color fill," covering the entire printable surface area. 
As shown in Figure 5, each dot is within a square box which represents the area on the recording medium which 
is intended to be covered by the dot of ink. However, it is understood that these square boxes are illustrated merely 
for purposes of distinguishing the different areas or "dots* on the recording medium and are not visible on the actual 
recording medium. It is further understood, that the dots printed on the recording medium may have overlapping 
areas such that there are no spaces between adjacent dots if a solid image, or full "color-fill" is desired. 

Open jet compensation is a modification to the multi-pass printing method described above, which allows 
for the use of information regarding defective or non-functional jets to dynamically modify the print masks of a 
printhead to compensate for the non-functional jets. This type of compensation scheme typically results in minimal 
degradation in print quality and no degradation in printing speed when there are relatively few defective jets in each 
jet group. Although the following discussion focuses on a printhead configured for six-pass mode printing in six print 
zones, and having seventeen jet groups, each jet group having one jet in each print zone, it is understood that the 
invention may be implemented in printers having printheads with different numbers of print zones, jet groups and jets 
in each jet group. 
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If a jet group contains defective jets, the jet masks for the entire group are replaced with a replacement 

jet group mask that is appropriate for the number of functional jets remaining in that group. In one embodiment. 

the maximum number of jets in a jet group is 6. Therefore, replacement jet group masks have been defined for 2, 

3, 4 and 5 jets remaining. These replacement jet group masks take the responsibility of firing dots away from the 

5 defective jets and assigns the responsibility for printing the entire raster line to the remaining function al jets within 

that jet group* 

Defective jets can result from open traces, damaged drop ejection resistors, changed resistance values, or 
poor contact between the cartridge and the "flex circuit* which provides control signals to the cartridge. As 
discussed above, defective jets can also result from clogged jet nozzles. All of these errors will cause a jet or jets 

10 not to fire, resulting in anomalies in the printed image. The invention may utilize any well-known method or system 
of detecting defective Jets in ink-jet printers. After one or more jets have been determined to be nonfunctional, a 
list of the defective jets may be generated, either automatically or via manual input^y an operator of the ink jet 
printer, and stored whhin a memory of the ink-jet printer* Tliis fist of defective jets may then be accessed as 
necessary to update the print masks of the respective printhead cartridge. In one embodiment, the above^des^ 

15 . improved method and syste^^^ 

ink jets and compensate for the nonfunctional ink jets whh one or more remaining functional ink jets. This novel 
detection method and system is described in greater detail below with reference to Figures 16- 1 8. 

Referring to Figure 6. assuming that one jet in a jet group has been determined to be nonrfunctional, a first 
replacement jet group ^ the original jet group ma^k of ^ to ailb^atS pf imijig 

20 of the entire raster fine to the five remaining, functional jets of the jet group. The first replacement jet group mask 
500 includes individual replacement jet masks 501-505. When one of six jets in a jet group fails, that jet is shut 
off, or completely masked, and the original jet masks for the remaining five functional jets of that jet group are 
replaced by the replacement jet masks 501-505. 

For example, if a first jet corresponding to the first print zone has been determined to be non-functional, 

25 the first jet in the first print zone is simply turned off, or completely masked, such that it emits no ink, and 
replacement jet masks 501-505 are assigned to the remaining jets of that jet group. In one embodiment, the 
replacement jet masks 501-505 are assigned to the remaining jets such that replacement jet masks 501-505 are 
assigned to the remaining functional jets for that jet group by order of ascending print zone numbers for each 
remaining functional jet. If the jet corresponding to print zone 1 has failed, then the first functional jet, by order 

30 of ascending print zones, is the jet in print zone 2 for that respective jet group. Therefore, replacement mask 501 
is assigned to that jet in print zone 2. Similarly, the replacement mask 502 is assigned to the jet in print zone 3 
for that respective jet group, and replacement mask 503 is assigned to the jet in print zone 4, and so on. 

However, if the non-functional jet was determined to be in print zone 3, for example, the first functional 
jet would be that corresponding to print zone 1. Therefore, replacement mask 501 would be assigned to the 

35 respective jet for that jet group in print zone 1, replacement mask 502 would be assigned to the respective jet in 
print zone 2, and replacement mask 503 would be assigned to the respective jet in print zone 4, and so on. 
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As shown in Figure 6, by replacing the original jet group mask with the first replacement jet group mask 
500, when a jet of a jet group is determined to be non-functional, the responsibility of compensating for the non- 
functional jet is allocated among the functional jets. In this way, a complete raster line 506, having no 
dots unaccounted for; may still be produced by that jet group. 

Referring to Figure 7, a second replacement jet group mask 600 for a jet group having two non functional 
jets is illustrated. The second set of replacement masks 600 includes replacement masks 601-604 each 
corresponding to one of the four remaining jets fort hat jet group. Similar to the allocation scheme described above 
with referen ce to Figure 6, the replacement masks 601-604 are allocated to the remaining functional jets by order 
of ascending print zone numbers. For example, if a jet group has non functional jets in print zones 1 and 4, the first 
functional jet would be that in print zone 2. Th erefore, replacement mask 601 would be assig ned to that jet in prin t 
zone 2, replacement mask 602 would be assigned to the corresponding jet in print zone 3, replacement mask 603 
would be assigned to the corresponding jet in print zone 5 and replacement mask (?(J4 would be assigned to the 
corresponding Jet in print zone 6. As shown in Figure 7, the replacement masks 601-604 allow the four remaining 
functional jets of a jet group having two non-functional jets to print a complete raster line 605, having no dots 

, ... . .♦*....... - - • - « - * - - ■ * • * 

unaccounted for. - 

Figure 8 illustrates a third replacement jet group mask 700 for a jet gro up haying three non functional jets. 
The third set of replacement masks 700 includes repliapeme allocated to the three 

remaining functional jets of a jet In one embodiment, the 

replacement masks 701-703 are aligned ^ qrder :of ^ascending print zone numbers, as 

discussed above with reference to Figures 6 and 7; As shown in Figure 8, the replacement masks 701-703 allow 
the remaining jets of a jet group, having three non-functional jets, to print a complete raster line 704, with no dots 
unaccounted for. 

Figure 9 illustrates a fourth set of replacement masks 800 for a jet group having four non functional jets. 

** ■ • - ■ * ' 

t , .. . .. . ....... « .. * .11. « • » 

The fourth set of replacement masks 800 includes replacement masks 801 and 802, which are allocated to the two 
remaining functional jets of a jet group determined to have four nonfunctional jets. In one embodiment* the 
replacement masks 801 and 802 are assigned to the remaining jets by order of ascending print zone numbers, as 
discussed above with reference to Rgures 6, 7 and 8. As shown in Figure 9, the replacement masks 801 and 802 

allow the remaining jets of a jet group, having four non functional jets, to print a complete raster line 803, with no 

.... .... . ... . ...... . . . • • ■ • • ■ 

dots unaccounted for. 

In order minimize coalescence and to maintain full speed printing, horizontally adjacent dots are avoided in 
the design of all the replacement jet masks. For this reason, at least two jets in each jet group should remain 
functional for the above-described replacement scheme to avoid the simultaneous printing of horizontally adjacent 
dots. As described above, the simultaneous printing of adjacent dots often results in coalescence and a degradation 
in printing quality. Therefore, in one embodiment, if there are less than two functioning jets in any jet group, the 
operator is instructed to use a print mode with more passes or to replace the print cartridge. 
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• * Figure 10 illustrates the replacement masks 501 -505 of the first replawment jet group mask 500 assigned 

to the remaining jets of a jet group having one non functional jet, each remaining jet being in a respective print zone. 
As shown in Ftgiir e 9, the defective; or non-f unctionat jet is located in print zone 1 . Therefore; the jet in print zone 
1 is completely masked, or turned of f, such that no dots are fired onto a respective raster line of a recording medium 
5 in print zone 1. As the recording medium (e.g., a sheet of paper) advances under the printhead in the direction of 
arrows 902, the raster fine advances to the next print zone and the next jet in the respective jet group may print 
dots on the raster line in accordance with the replacement jet mask 501. As the recording medium continues to 
advance in the direction of the arrows 902, the raster line successively passes through each of the print zones and 
the successive jets of the respective jet group print dots on the raster line in accordance with their respective 
10 replacement masks 501-505, After the raster line has passed through each of the respective print zones, each dot, 
or designated printing area, on the raster line is accounted for, as shown by the completed raster line 506. 

Figure 11 shows a portion of a print mask having the first replacement je^jroup mask 500 of Figure 6 
assigned to jet group 1 2 because jet 12 of jet group 12 has been determined to be non functipnal. Note that jet 
12, in print zone 1, of jet group 12, completely masked and, therefore, not responsible for prin^^ on 
15 its respective raster line. The remaining jets 29, 46, 63, 80 arid 97 of jet group 12 have been assigned replacement 
masks 501, 502, 503, 504 and 505 (Fig. 6), respectively, so ^ 

Figure 12 illustrates adjacent svvaths of a recording medium which hav^ completed one or more stages of 
a six zpne printhg prwess, wjth^ replacement jet grqyp ma?|i 500 of Figure 6 assigned to jc|t group 12. 

Note that 

20 on it. However, as this raster Tine advances through each of the successive stages, it will be completely "filled in* 
with dots As shown in Figure 12, after raster line 12 has completed printing in print zone 6, all of the dots of the 
raster line are filled in. 

In Figure 12, the configuration of dots on the recording medium represents all the dots which may be 
printed in a given print zone plus all previous print zones. In other words, in the example shown, the image to be 
25 printed on the recording medium is a solid block of ink covering the entire printable surface area, otherwise referred 
to as a color fill As shown in Figure 12, each dot is within a square box which represents the area on the 
recording medium which is intended to be covered by the dot of ink. However, these square boxes are illustrated 
merely for the purpose of distinguishing the different areas on the recording medium and are not necessarily visible 
on the actual recording medium. Furthermore, the dots printed on the recording medium may have overlapping areas 
30 such that there are no spaces between adjacent dots if a solid image is desired. 

For a given number of non-functional jets in a jet group, the same set of replacement masks, corresponding 
to that number of non-f unctional jets, is used regardless of which jet in the jet group is identified as defective. As 
shown in Figure 11, when replacement masks are applied to the overall default print mask for the entire printhead, 
some vertical adjacencies will occur. The occurrence of these vertical adjacencies is infrequent and results in minimal 
35 quality degradation. 
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However, if jets, in adjacent jet groups, are identified as defective, identical replacement jet masks would 
be used for adjacent jets in print zones which contain the remaining functional jets of each of the : adjacent jet 
groups. Figure 13 illustrates the use of identical replacement jet masks for adjacent jet groups each h aving o he 
defective jet. The first set of replacement jet masks 500 of Figure 6 is used for each of the adjacent jet groups. 
5 As shown in Figure 13, adja cent rema'ming functional jets for both jet^^^ produce a significant number 

bf v0rtiwtiy adjacent dots within f$s^ in coalescence and, 

• consequently, significant print quality degradation, pz 

| ; scheme is 

^ lor; % then the replacement 

10 : with* t in the order 501, 

5t)2 r 5ti3; 504 and SQ5. Each rtjtfe^ent i^ 501^05 S te^^d 1 6 hs re^ ascending 
print zone number, as described above. If a jet also fails in jet group 2, the replacement^masks 501-505 are rotated 
such that they are applied to the remaining functional jets of Jet group 2 in the order 502, 503, 504, 505 and then 
501. This rotation process is repeated each time another jet in an another adjacent jet group, e.g„ jet g roup 3, is 
15 determiiriBd tb M the order 



■ :::: . : . .: 



;;of* to stti^lN 

id l • t-^ni ; to the: retiri^i hih|fd| ^^uinj jcit i b irna i ; i eni : - irit the loy^ is applied to 

th e f un ctipnal jet irt t he next tow^i^^i^^. so on: Replecem^ 

By rotting the order of the ^ 
vertical adjacencies are minimized and print quality is maximized «yeh when thw 
25 cartf id ge. -Ref ief ritg ta Figure 4^ ^fe^iei- 1 36 of a first Jet group is; honrfunctipna of i a 

second, adjacent jet group is also noii-fif!^ 

jet groups using the rotation scheme described above. In print zone 2, replacement mask 501 is applied to a first 
remaining functional jet of the first jet group, while replacement mask 502 is applied to a second remaining functional 
jet, adjacent to the first remaining jet, of the second jet group. Thus, there are no vertical adjacencies between the 

30 dots printed by the remaining 

are no identical replacement masks for adjacent jets, and hence, no vertical adjacencies. 

If new defective jets are detected in the middle of a plot, a firmware algorithm, which updates one print 
zone of the print mask per pass of the printhead, allows for the smooth transition to open jet compensation. Print 
zone 1 always prints on an unprinted swath of the recording media. Print zone 2 always overprints the region 

35 printed by zone 1 and must use jet masks that correspond to the ones used by zone 1 in the previous pass of the 
printhead, etc. If a new defective jet is detected in the middle of printing job, only the jet masks corresponding to 
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print zone 1 are updated for the next p^ss of the printhead. After completion of that pass, the jet masks 
correspo ndin g to print zone 2 are updated but the jet masks corresponding to the remaining zones are left unchanged. 
This process cdhtift^ 

print zone numbers. In this way^ a c# wtiibft has beieii successfully printed in a print zone* 

5 prior to the failure of ^ 



The following describes an iniprbyed detection met hod and system for detecting njorhfunctional ink jets, or 
other elements, in an ink jet printi^ is Mtifizj^ «S invention. However, it is 

understood that the 

■ TO : : d election ira^ : ' ,: :■. 

1 $ ;f ^ one 

emboidi^ent of thri^ is: iiiii^t^t^ 1 
wtich 

Coupled t o the indu ctor (L,) 1 forms a 
15 iow^p|$$ f 8ter ^ iV^Y of the 

switching power supply 80 is a putee square wave ha 

^) y 1 6| and t^ (VJ 
vyWcli is ^ jfojj^ 
output: c^pacitof (Gil I 

20 rate which is in vetsejy proportional t o the y^lue of the rqsistaric^ of t bleed resister (fty 1$£ Switching power 
supplies and low-pass output filters such as those described above, and their principles of o peration^ are well-known 
in the art Therefore, a detailed discussion of the function arid oper^ 

low-pass output filter, comprising the inductor (m 162 and the capacitor (C,) 16h£ is nbi ^^v^^t^ 

In order to regulate the output voltage of the switching power supply 80 and heni^; the dc Output 

25 voltage V c present on the capacitor (C r ) 164, a f ©ailbapk circuit is coupled to a feedback port (FB) on the switching 
power supply 80. the feed back circuit includes a resistor divider network coupled in parallel to the capacitor (C,) 
1 64, which divides the dc outp ut voltage (V^) into a desired feedback voltage (V^) which is then applied to the 
feedback port of the switching power supply 80. The feedbaclc network consists of a second resist^ (R 2 ) 168 and 
a third resistor (R 3 ) 170. As is well known in the electronics arts, the magnitude of {Vf J is related to the values 

30 of Vc Rj and R 3 by the folio wing eq uatidh: 

v FB ^ ^ x ^ ^ gi, + 




In order to regulate the dc output voltage (V c ), the feedback voltage {V ra ), which is directly proportional to 
the dc output voltage (VJ, is compared to a reference voltage (V^) to determine whether the output voltage (V c j 
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is within a desired voltage range. The reference voltage (V^) is provided by a reference capacitor (C 2 ) 1 76 which 
1 3$; connected in series whb a i^oitip^ {R^ i^ rt a i i ef erejifce volt age output 

sqii^^^ comprising (L,) 

■^^1^^:^ regulation 
5 scheme briefly described above, are well-known in the art and, therefore, need not be further described herein. The 
switching povj^ P the desir^d regulated 

db biitfiiit^ and the values 

; ; ■ of the various above-des crib ed discrete compone nts are p^^^ : 

- . - . . -'. — ■ X \ * I XXX ■ • ! • * -.■*•■*"•»* v.v -"-""X* ■ * *X'X-X'X-X'Xv> "'»» * •*-"■!■ vX'.v vX*Iv v/.v X-X-X-' ' * I*"***" »*•>"*! * !-*-*■!•" XvX "•* T X * Xv!*" ' * X-X * X X-C X-I X'? X X-" X-X-X-X;X X X-T W.YxW." *l' " f X-X X-* X r . '-. X * "■ X* * * . * « • » » * • ■ • 

' " . * *-"-; ; ;-r*.*X*I* , -.*.' i 'X " X-" I . X X-*-X -;*X*X%-. 1-X ,-!-X-: l*.*.- . ,■ . ■ . . . . ■ * * i*. * * . >; ;* ; ; 1 * ;* .'♦ <Mv. X *- ■. X ■. .-.* 

x .'*.'. .-. .Wx-I . i .'^ . Y.vX . - x . . : . : x ; ; . . .v/Xv.-: >x : . >. ■ . -;x-...; — >. '. . x ; . .%v. ,y.\. .v v y-v- ,y.m . ►.■.»>.•"« * — >• -\y t ■.*-..».-;.• '.>* • - * • • ■ ■ • ■ • • • * ■ ■ - * - - - ■ 

............ . ............. ..... ... . . : . .->. . . . . v : : ■ . \ ••/'•':;■•/.'•■',;>-• . :'" ■ .7%- - ■. ■ 

•• ■• • • ■ ..' - -. .. •••••• .. .. -. •: . ■ -. ' ■' :" . * ■ . ■■.•*•:•:■•■■ . '. : . ft ■ -. 

: '. . v |:y:> : .v:":":". : : : : . : .V:W. . : .>•:... — ..... ... ....^;*t.. ........ ... . 

44 of Figure 1 : h?viirg (eight pWer fines Each pbwer Srtr^ 

;i5; x - y^ 

ink p 19i iare -f Urther ^l^^ik M 

"turnei bh^ ^ 1^ Which dpeniand clbs^ 

20 As stio\^ ; in • jpqw^f fine 

ink jets 192 for 
ink jets 192;; In btierto 

turned bh so as to provide a conduction jwth fr^ 

_ . ■ ■ .' . . . ■ • ■ -*..'►> '% ■ * t * ; « \ • ■ ' • - • * ■ • .-«•*-• ,* *. X * '"■ '•' * ' ' * '•' * . '■■*.• " * * ' . . " ' " ' *- "* " ■ * ' " . X *, 

electrical ground^ ^ 

25 jet: 192a as show n m figure 16/ the svvitch 1 90 wiTespqnding: to power line 1 (P^) must be closed as Well:*5 the 
switch ^M cbrres^n^ jet 1 92a tie caused to %e|. 

above, the switches 190 corresponding 

lines A r A la may be bipolar NPN transistors which are activated by providing a specified current to their bases. 
However, other types of transistors and/or switches may be used to activate the respective power or a dd ress fines, 
30: iii accordance with; the ihveritibii. 

Referring to Figure 17, an ink jet matrix 44a, cbrrespohdirig to the prihtHeiad cartridge 44 of Figure 16, is 
illustrated: The ink jet matrix 44a illustrates the rela tib nsKip b^t we^n each in K jet 1 2! ianid iti cp rr^span dpn g p p wer 

... . , , . . - - * t * - • ■.•,», '.»_« - * ;. . . ....... ► r m » - 

and address lines. Each of the power fines P r P 8 is turned on and off de pending on whether ah ink jet 19? 
corresponding to the respective power tine is desired to be fired. Similarly, each of the address lines A^i^^ 
35 on and off depending on whether an ink jet 192 corresponding to the respective address line is desired to be fired. 
Figure 17 further illustrates that, in order to fire ink jet 102a, for example, the switch 190 corresponding to power 
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line P, and the switch 194 correspond : 
electrical circuit from the dc output of the power supply to Bleictriral grpiind for that particular ink jet. 

Figure 17 Is not an electrical circuit schematic diagram, but rather, ah illustration of the correspondence 
between a power line and an address line for each respective ink jet^1^ 192 are not 

5 necessarily arranged on a printhead cartridge 44 (Figure 1) in a matrix configuration as shown in Figure 17. Nor 
are the ink jets 192 directly connected to adjacent mk ^ 

embodiment, each ink jet 192 is independently coupled to its r^ power and address line such that the firing 
of one ink jet does not ^fect the firing As ihqwn in 17,: eairfi of ; the power lines : Pi-P 8 

is coupled: to the dc output of the wit c^ ^^$^0 1^ Cpr^ the adjdress 

10 lines A,-A^ is coupled to ground. In one le^bfl own separate and 

ihd^ieftd$nt pp^ir ^esi ^ 
vyfthi^ 
: co^tin ue op t^ar 

:,; Referring price qgaW ^ piiti^own 
if wsisior ^ Ih one embpdim^ 

: the pMll-dp^ 

the pulldown switch 174 are ^upled tp^ in parallel 

The ■ regplaiipd rtc OM^M^iviart^g swrtch Jp 

20 and thereby pulling down the magnitude of the feedba (FB) of 

the switching power supply 80. By turning on the transistor 174, an electrical conduction path is provided between 
the pulldown r&istpr 
in parallei with the third res^ 

(R4) 1 72 in parallel with the third resistor (R^ 170^ the effective feedback resistance (I^J is decreased. The yaliie 
25 of the effective feedback resistance (R B ) is governed by the foilowing equation: 

til I.' I Z (3) 

■ R FR (R> x Ra ■ 

.... . . .-. M-- ' II . .■■■> . . . •J ■ TjTs ■ ' ..... 



Because the feedback voltage (Vfb) is directly prbpdrtidnal to the effective feedback resistance (R^, a 
decrease in (R FB ) leads to a proportional decrease in (V PB ). When the feedback voltage (V re ) is decreased by turning 
on the pull-down transistor 174, thereby decreasing the feedback resistance R,b, the switching power supply 80 
30 compensates for this decrease in feedback voltage by increasing the regulated dc output voltage (V c ). The switching 
power supply does this by increasing its "switching duty cycle," Le., providing a longer pulse waveform to the low- 
pass filter comprising the output inductor (L1) 162 and the output capacitor (C,) 164. The pulse square wave begins 
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charging the output capacitor (G^ l|4i theire|iy> raising the vbltag^ (C,) 164, The 

:::!'. swh b^;!p;b^: ; ^^; 80 cidrttiiiu^ to i«rfi^ low-pass filter until the 

; r egtf^^ (Vc) te istabilw^ now: high eir yphage Kyet Tlie : oiifpiit ; vpjtaige Oiy \ ihcredses until the 

directly proportional feedback voltage (Vrj) reaches its previous voltage levels prior to the puli down transistor 1 74 
fcbi^ 

ideweasid the transistor 174; the 

effective feedback resistance once again resumes its ofiginal higher value which is equal to the resistance of third 

supply 80 that the output voltag^ 

wwef o to ; t^ as 
. cur rent discharges from the 

• ".: ad i fim^ti^^j^ aretunie^^ output 

;;^v;^ 

1 06, at ! ^ 

• -v ■ ^ d; ^ ' ■ """ 

(Figure 1 ^.^linifir. The vertical wis mj^l^T^^^^i^ ihdicjat the magnitude of the re 
output voltage (V c ) and the horizontal axis of the response curve indicates time. At a time to the^regulated output 
voltage is in a itabilizei elevated state, indicated by arid the puftdo wn transistor 174 (Figure 1 6): is turned on. 
At; time :tji the transistor 1 

value of R 3 170; This proportionally increases the feedback voltage level V FB which in turn indicates to the switching 
power supply 80 that the regulated output voltage V c is too high. At this point, the switching power supply 80 is 
not providing a pulse square wave output signal to the inductor (L,) 104 and capacitor (€,) 164 (Figure 16) and the 
switching power supply is effectively turned off. 

From t, to t 2 , the output capacitor (G,) 164 discharges at a rate which is inversely proportional to the 
resistance at the output of . the ^itchmg : power suppiy: ; Bb. : . .^e. yoit.age. decay resulting from the discharge of the 
output capacitor (CJ 1 64 when OQ ink jets are being fired, and no power or address lines are turned on, is indicated 
by; the; response curve 400,: As discussed abbys, when no ink jets 1 92 ; are being fired, and rib a dd ress or power 
lines are turned bh/^ 

in parallel with the sum of the series re^stors (R 2 ) 168 arid (R^) 173, However, for purp bses of the following 
discussion, we will treat the effective output resistance as being essentially equal to the bleed resistor 166. This 
approximation does not change the analysis provided below. The time required for the output capacitor (C,) 164 to 
discharge through the bleed resistor (R,) 166, such that the regulated output voltage (VJ decreases from (V H ) to 
(Vreg), is illustrated as r - t 2 - 1,. r is referred to herein as the reference discharge time period. 
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By meaisunng the referen ce discharge time peribdi r required for t he output voltage (Vb) to decrease from 

a value of Vh to Vr^ 
output ic^i^ 

current pulled from the switching power 80 when no ink jets 1 92 are being fired, Le., all power lines fyP 8 
5 and all address lines A r A 13 are turned off. This reference discharge period is measured from the point when the 
puJI-dovw^ at 
its new higher value V H , until the point in time when the switching power supply resumes switching, i.e„ outputting 
a pulse waveform, at time A sensor 180 coupled to the output of the switching power supply 80 detects 
pulse waveform output (Vout) of the switching power supply 80 at time U and records the time of detection. The 
10 sensor 180 may be any one of numerous circuits which are capable of detecting a pulse waveform and Which are 

; : v well-known in : :thtf :: art^ : - : ....p,,^ . 

to the M 

■ •'• - -.-.•*-.»'•!- ■ •"♦ ■ ■"'*■*' -'■ •-*-•!■ .-.*.•.* *.-!'!*.■ v - vX'X'l- X*X* "X»X"XvX"*"X* ■.■X'X'Xv.- * *Xv\*XvX*X' **X\vX". ■.*'*!■•• *X~XvX-.\* vX*!vX* v'X'X"X'X # X"X*""'*X'X*X'l* '■ ■ ■*■,* "]*X-X-#!**X* - '.*"*.* ■!*.' ■X-X*.*. ■.■".* ■ *X**vX *#X"X'X -.vX*.-.* -'*.* ■!■"■!■"*' -■">>■•• 

• may be obtained for each of the following conditions: (1 ) when only a power line 
. an address fine A r A 13 is turned on; and (3) when a jet is turned on (i.e., rts w 
15 line is simultaneously turned on). In one embodiment, the above-described test discharge period is measured for 
eac^ 

example by turning 

•• • in^idijalil ;^ed| [ ; ^M^Sf^SSS^. : : : t^tS--l • :JSi0M :.: ' :.: : : 

20 V As discussed abovejn order to fire an ink jet 190/ a corresponding power line and address line must be 

simultaneous^ on ^rt 

supply 80 and electrical ground/ Only then does the switching; power supply 80 provide the desired volt age and 
current across the respective ink jet to be fired. Therefore, when a power line is turned on without turning on any 
address line, ideally, there should not be a closed circuit coupled to the output of the switching power supply 80 

25 and, consequently, there should be no adiditional current draw f rqm the capacitor (Q^) 164, -f; C-'-. ^:p»j^v^;: 
turning on each power line/ one at a time, with the turning off of the it can 

be determined whether a power line, by itself • is drawing additional current from the power supply 80 when it is 
turned on. Since there should be no additional current draw from a single power line when no address lines are 
simultanepusiy on, the test discharge period r m ihould he equal to the reference discharge period r. However, if 

30 the test discharge period r lest is measured to be substantially shorter th^n the reference dischiafgj| periqd ti this 
necessarily indicates that additional current is being: drawn by the turning oh of that respective power As 
shown in Figure 1 8, if the test voltage response curve 402 falls to i n art amount of time indicated by which 
is substantially shorter than r, the respective power line is determined to have a short circuh and/qr an undesired 
closed circuit to electrical ground associated with that power line. In one embodiment, if the test discharge period 

35 r (Mt is less than 30% of the reference discharge period r, the respective power line is determined to be defective, 
or nonfunctional 
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In the circuit illustrated figure 16, the turning on of a power line may be accomplished by providing a 
voltage pulse to the correspon ding NPN transistor 1 90 for that power One. In one embodiment, the pulse for turning 
on a wsp^^ poyver line iha^ of a; pulse which 

is used to turn on the power line during actual firing of an ink jet during normal operation of the ink jet printer 54 
15 the to fire an 

far ^ increase in duty 

^^;lQfi:^ by an amount 

proportional to dV during testing of the power lines. Additionally, the increased duty cycle allows a more accurate 
Id :: measurement of the iSiiSja^ ; j. : 

in 

a similar fashion t^ as described above. The procedure for testing ah address 

line may be identical to the procedure for testing a power line and, therefore, need not be repeated here. 

. : f rom Equation 1 above, we know that the average current pulled from the switching power supply is given 
15 by th^ equd G k i (tfV fid^rii : ! Wlhe^ r e > G; is ^ riV is a 

ciia^e ^ 

nilasira ^jtige ^ahge ; i oi * see|$a^ 

ca^^ pjii^ capacitor (G,) 1 64 

t he t on ef : ^: |^ jetf:i jqi jtl ; = ir tei^U«r Co inl the ; 

:- ->x /. ► ■**♦♦. * *;-x*x»; " . . . x . . ."J*. . . : x ; . . . . *x x ...... . x . ■ — . * x . . . , . x-. I . - X i M - . * X ■ . . x . . x . . i% . X ..... x — ...... * -•-*. - .■ % • • — 

equation is obtained: 

-total -jet *p +a re/ 



25 where is the total amount of current drawn f rom the output capacftbr tGiK t 

the amount of current drawn by only a single ink jet when it is f ired, \ is r ifiifiOftVriauwt"aif-" )ttrfm%-"dirm^f^1^' x on^ * *f 

single power line when it is turned on {note that a properly functioning power: line should draw negligible current), 

I, is the amount of current draWn by 

address line should draw negr^ 
30' (Rt) 166. 

By rewriting the above equation in terms of discharge periods which are inversely proportional to their 
respective currents, the following equation is obtained: 
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where J n ii equal td the 

wlrifeft is ^ 

the discharge pe^^ dj^wn by only a sin 

it is turned on, A, represents the discha^ qurrent dra w n by only 

a sing je d0&$ line ^nJt fe tu^ is inversely 

proportional!^ ; ; 

values of c^rr^ 
take into ^ 
follow!^ 

■ a dd ress line is iui^M biiiy ••• >' 



15 



where A 



A: 



to change by an amount 



dV wheii ortly a single ad 

164 through the bleed resistor (R1) 166 is represented by 1/r. 
drawn by the address line as follows: 



Equation 6, we can obtain the actual current 



i 



t 



Similarly, the measured current drawn when only a single power line is turned on is represented by the 
following equation: 



p p T 



(8) 
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where P„ is the measured discharge period for the capacitance voltage (V c ) to change by an amount d V when only 
a sihgte & fumiEfd oii> As explained } aboVd,: the fact that : IIP ■ j ! is: Multiplied : fiy a fatfbr if 16 is due to 
the^i fact that during the test mode; £ . 

r on 

ink jet pHrtti^ d cycle of 

»■*«.*■ •'»"» •*» » * - * ' • ~ • • ■ » » « • « • - - - • » # • . - - . - * • . » - ■_• ■ * " *.* * ".*.",* " *.*.*.*." * " ■ . . . . , . . ... . . , . . , .... . * . , . - . . . » ^ . . . _ *« . , *, • ".*.".".* ♦.*»* . . , ■ » , , 

the power line during testing of the printhead. From the above equation, we can obtain an equation which represents 
ttii ^ 




(9) 



Vv- 



10 



§y jjluggmg iij^ 



: ~"' :: ^:%^-:^nafein : «d" atrnv^ X equals i tfii measured amount of tine requirisd to discharge the caipacif pr C| such 
15 that its voltage level drops by an arhbunt equal to dV when a single ink jet is fired, r represents the a mount of 
time dT required for t he yqltag e capa ch a nee to decrease by an amount eq ual to dV when no elements of the 
printhead cartridge time period required for the capacitor to discharge by an 

amount equal to dV when a single power Rile is turned on. Arid finally^ A,, is the measured amburit of time required 
for the capacitance to discharge by an amount equal to dV when only a single address One is ttiined on; By 



20 measuring each of these values individually, a value f or T/J, may be bbtairied. As cfi?cussed above; 1/J, is directly 
proportional to the actual amount of current which is drawn from the switching power supply by only a single ink 
jet when that ink jet is fired, not including any current ^ drawn by the bleed resistor 166, nor any defective address 
or power lines. By obtaining the actual amount of current pulled by only a single ink jet, a determination may be 
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made as to whether that ink jet is defective, e.g., its drop ejection resistor is damaged, irrespective of whether the 

power line or address line for that ink jet is in proper working order. 

Thus, the invention provides a method and system in which the actual current drawn from the output 

capacitor (C ,) 164 when a single ink jet is fired (assuming that its corresp phiUng power lines and address lines are 
5 in proper working condition) may be provided by Additionally, the amount of current drawn from output 

capacitor (d) 164 when only a single |ower line & Finally, the amount of current 

drawn from the output capacitor (Cj) 164 when only a single address line is turned on may be obtained from 1 /A,. 

After these valuesare obtained, they may be compared to threshold values or ranges in order to determine whether 

they fall within these threshold values or ranges. If they do not, then in one embodiment, an error message is 
10 provided by an i t£D mmi wHi^its ^pte^ either ^ failed power 

line, a failed address fine, pr * failed i^ and/or manufacturer of the ink jet prihtef. 

By bbt$W " 
"; . defe^|ve :: addi^ 

to the threshold values or rarige$ ntay be a ccomplished by any circuit which is well-known in the electronics arts . 
15 ■"■' : ' r ' A •sighrfj|^ni 

systbrni ho series current sensing element (Le. ( resister), is used. Instead, the method and system of the 
measures the time it takes f or dapa citt p^er ^ the 

. "... In onia embodi^ 

1 V : £or^ 
20 the new value; This may be bcbpti 

2. Activate circuitry to be measured (e.g., the jet under test) or do not activate any element if a 
reference discharge period r is to be measured. 

3. Command the output voltage of the switchMg power supply to shift ddvi/n and start the time 
measurement. This may be accomplished by turning off the pull-down transistor 1745 as described above. The 

25 switching power supply wiD not start switching until the output voltage drops to the commanded value. 

4. When the switching power supply resumes switching, record the time measurement. This will be 
the measured discharge period which is inversely proportional to the amount of current discharg ed from the output 

This technique can be used to measure the quiescent state (i.e., when no elements are activated), test the 
30 printhead cartridge address fines, : test the prihthead ^ilridge power lines, test each ink jet in the :; test p rinitiead 
cartridge, test the prihthead cartridge heaters, or test arty rambniation of these, the measurement 
state is accomplished by measuring the reference discharge period and is used as a reference point to calibrate the 
other measurements. 

v ■ ■ 

In one embodiment, the above-described measurements are conducted for each address line and each power 
35 fine, and each ink jet at the startup of the ink jet printer operation. For example, each power line PfP 8 is 
successively turned on in order to measure the value of the discharge period P m for each respective power line. 
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Similarly, each address line A r A 13 is successively turned on in order to measure the discharge period A ro for each 
respective address line, Fft^ cartridge is successively fired in order to j measure the 

dis^ each 
power line; each address line, each ink jet, and the measured reference discharge period, we can obtain the values 
5 for Ai* Pj arid J_ as described above; Based on these values for J_, and A_ , t h e method and system of the 
present invention is capable of distinguishing between a failed power line, a failed address line, or a failed ink jet, 
for example. After a defective, or failed, element of the ink jet printer has been identified in this manner; appropriate 
actions may then be taken to repair, replace, or compensate for the damaged element. ..... 

'. '^^i^^^Mk^i. m^lipd: and features over the 

: : 10 pribr ^ 

the one or more nonfunctional jets may be compensated for by the remaining jets in a failed jet's respective jet 
group. This is accomplished by assigning replacement jet masb to the remaining factional jets within each jet 
group having one or more nonfunctional jets such that the remaining functional jets compensate for the failed jet(s) 
within their respective jet groups. This method and system does not utilize auxiliary jets which are idle during times 

Furthermore, the method and system of the invention allows the multi-pass printing method to reduce or 
eliminate coalescence of printed dots by following a compensation scheme which avoids the printing of vertically and 
horizontally adjacent dots during a single pass of the prmthead over ^ adjabent jei$: are nop- 

functional.: ; tliep the; Prdpr pf ass||pm^nt : d ttie r epikiement masks to itia ; remaining f utrct ional; jet s iof the second : 
20 jet group is rotated such that adjacent functional jets do not have identical replacement masks, in this way; yer tidal 
adjacencies are minimized. 

Furthemiore, as descnbed above, if one or more defective je 
method and system of the invention successively updates the 

print wri^ If a defective jet is detected during printing, then prior to the next; pass of the 

25 printhead over the recording medium, the jet masks corresponding to print zone 1 are updated and the printhead is 
then allowed to make another pass over the recording medium. Prior to the next pass, the jet masks corresponding 
to print zone 2 are updated, and so on. In this way, if a defective or nonfunctiona I jet is detected during the middle 
of : a printiPg job, a srnooth t ransHipp front the origihaj jet group .iAMk,:tQ. : tii0: : rj^itoc^n^. .|«.t. group masked is : 

^achieved* ... . . — 

30 Finally, as described above, the invention provides an improved open jet detection method and system in 

which the current required to fire an ink jet is not measured voltage drop acroiss a series' resistor, 

but rather, by measuring the discharge rate of an output capacitor connected to an output of a switching power 
supply as one or more ink jets of the ink jet printer are fired. This eliminates the need for series resistors which 
dissipate heat and energy, take up space on the printhead carriages, and make the overall operation of the printhead 
35 carriage less efficient and its manufacture more costly. Additionally, by measuring the discharge rate of the output 
capacitor after an ink jet has been fired, or after a power line to the ink jet has been turned on, or after an address 
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line to the ink jiat has been turned on, and comparing these test discharge rates with a reference discharge rate, the 
invention provides a Way to detemiine rf there is a defective ink jet, a defective power line, or a defecti 
fine, for example- ?nd to elsp^ 
The inveri^rj iria^ 

characteristics, the described embodiments ara to be considered in all respect only as Hlustrative and not r^ 
The sbo^ 

All changes which come wrthiri the meaning and range of equivalency of the claims are to be embraced within their 
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VtfttAfc IS CLAIMED IS: 



W An ?inK: jet dftn honfun^ Hi a phtti^ad; comp^ing: 

5 ^ ; >^ Sj^fejpife and at least one re placement 



WHe wn the jyihtfiead includes a plurality of ink jets, each ink j$t being assigned to print respective dots 
10 " ; on a respective raster line of a recording medium in accordance with the at least one print mask stored within the 
memory, ■ whSrip when an ink jet is detected as being defective, at least a portion of said print mask is replaced 
with the replacement print mask also stored in the memory such that one or more of /^he remaining ink jets of the 
luri 



s^f ^ ink jet 

beifig a^ig n|d ; to; p of a jr^^ of 
; ;in^ 

; ;|ai|;p^ plurality 

2(3 of 0 groiiiifSi ^ip#ri -feS^fe jet- gro^i^ a respective raister line to each of the 

.. . . ; ink j^S : of ; a ; : - • 

said replacemerit print mask inclu des at least oh^ rep^ jet group mask which replaces the jet group 
mask for a jet group having one or more nonfunctional ink jets, wherein the at least one replacement jet group mask 
allocates the printing of dots to the remaining functional ink jets of the jet group having one or more nonfunctional 

' ' ■ ■■■■fill ... ■ »"» ■ ■ ■«*•<«#•■• »«■»»■ »•»>*!• ■ *■■ ........ i«" - - < _....«.-■*■ .... » 

25 ink jets so as to compensate for the one or more nonfunc^ 

. . . . ■ ■ ♦ »*.... *- - * • » » * • * • ......«.* --- * 

■ 

3. An ink-jet printer; comprising a pripth^ a plurality of ink jets, each ink jet being assigned 

to pHnt 

when an ink jet is detected as being defective, at least a portion of said print mask is replaced with a replacement 

. ".. . .• . ... •■ ..■ ■■■ ■ . . ».•;«■ ■ .- .•'■•,* - ■ " • 

30 print mask isuch that brie or more of the rema inin g ■ ink jets of the plurality of ink jets compensates for the defective 



• - - - - ■ t 



A. The printer of Claim 3 wherein: 
said printhead comprises a plurality of print zones; and 
35 said piuranty of ink jets comprises a plurality of jet groups, each jet group having at least one ink jet 

corresponding to each print zone, wherein each jet group is responsible for printing dots on a respective raster Fine 
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of a recording medium, and wherein when an ink jet in a jet group is non-functional, the remaining functional ink jets 
in that jet group compensate fiir 

5. The printer of Claim 3 wherein: 

5 said print mask comprises a plurality of jet group masks, each jet group mask corresponding to a respective 

one of said plurality of jet groups, each jet group mask having a plurality of jet masks, each jet mask corresponding 
to a respective ink jet tfr^ and 
said replace 

for a jet grioup having one or more non functional ink jets, wherein the replacement jet gro^ 
10 printing of fo^ 

as to compe nsate f '^^m^^^j^^^^^S^^^^^^i 

6. the printer: of Claim 5 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask corresponding to a respective ink jet in a respective jet group 

15 having one or more non-functional ink jets, and wherein the plurality of replacement jet masks allocate the printing 
of dots to the remaining functional ink jets in the respective jet group so as to compensate for the one or more non- 
functional ink jets in that jet group. • 

20 during a printing process, the replacement jet masks assigned to the remaining functional ink jets in that jet group 
successively replace the original jet masks of each respective ink jet in that jet group one print zone at a time, per 
pass of the prihthead over th 
mask to the replacement jet group mask 

25 8, ^ 

jet group and a second subset of the plurality of ink jets corresponds to a second jet group; 

wherein ink jets belonging to the first jet group are each assigned to print respective dots on a first raster 
fine of a recording medium in accordance w a f irsft group mask, wherein when an ink jet in ■ the f irst jet griaiip 
is detected as being defective, the first jet g roup m?$k is replaced by a replacement jet group mask such th at one 
30 or more of the remaining ink jets in the first jet group compensates for the defective ink jet in the first jet group; 

wherein ink jets belonging to the second jet group are each assigned to print respective dots on a second 
raster line of the recording medium in accordance with a second jet group mask, wherein when an ink jet in the 
second jet group is detected as being defective, the second jet group mask is replaced by the replacement jet group 
35 mask such that one or more remaining ink jets in the second jet group compensates for the defective ink jet in the 
second jet group. 
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The printer of Claim 8 wherein: 
said rep la cement jet group: mask Comprises a plurality of replacement jet masks, each replacement jet mask 
determining the printing configuration of a designated ink jet; and 

whiwfcin, when said first jbt group is adj^ccsnt to saii Second jet ; grbuj^ the plurality of replacement jet 

'] adjacent dots during a single pass of said printhead over the recording medium. 



10 



15 



are sequentially number? d 

and assigned to respective remaining functional ink jets of the first jet group based upon the print zone numbers of 



^ne ; num|^ . 

^ ;^ 

assigned to respective remaining functional ink jets the second jet group based on a rotation scheme such that 
the order of assignment of the plurality of replacement jet masks to respective functional ink jets in the second jet 
group is rotated when compared to the order of assignment of the plurality of replacement jet masks to respective 
functional ink jets in the first jet group so as to avoid the assignment of identical replacement jet masks to adjacent 



in one 



zone; 



• * - - * ■ * 



20 



25 



30 



35 



fori; jets ; ;; in f ■ an;; ink ; jirti pnnte^r which includes a 

iW^t^S^ii^S^HO* 1 ^9^fM With $ pnnt :^ of : 

;";-;;; : ^ . 

replacing at least a portion of the print mask with ^ a one or more of the 

remaining ink jets of the plurality of ink jets compensates for the one or more nonfunctional ink jets. 



The method of Claim 11, wherein said printhead comprises a plurality of print zones wherein only 

t .y, . *' . I .\ m ■ ■»* . » _ ■ »♦_.._•_•*."•.. « - ■ • * ■ -*-_« * ♦ * ■ ' - . .......... . ...... ..... v . • - ■■**'" ■ * ' \ * 

a portion of a raster line is printed in any one print zone, said plurality of ink jets comprise a plurality of jet groups; 
each jet group haying at least one ink jet corresponding to each print zone, Wherein e ach jet g roup is responsible 
for printing dots on a respective raster line of a recording medium, said print mask comprising a plurality of jet group 
masks, each jet group mask corresponding to a respective one of said plurality of jet groups, each jet group mask 
having a plurality of jet masks, each jet mask corresponding to a respective ink jet in a respective jet group, and 
wherein said act of replacing at least a portion of said print mask comprises: 

when a jet group is determined to have one or more nonfunctional jets, replacing the jet group mask for 
that jet group with a replacement jet group mask which allocates the printing of dots on a respective raster line to 
the remaining functional ink jets of that jet group so as to compensate for the one or more nonfunctional ink jets 
in that jet group. 
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a 13. The method of Claim 12 wherein said replacement jet group mask comprises a plurality of - 

replacement jet masks, each replacement jet mask corresponding to a respective ink jet in a respective jet group 
having one or more non-functional ink jets, and wherein the plurality of replacement jet masks allocate the printing 
of dots to the remaining functional ink jets in the res jfectjve jfct group so ai^ the nonfunctional 

5 ink jets in that jet group, and wherein said actof replacing said jet group 
comprises: . ; . : ^i<& : '^^Z-;A 

when an ink - jjjjt. in a jet group is detected as being non-^ successively 
replacing the original jet ma^ p|;^ ^ 
masks 

1 0 the record^ g medi^ 

: - • • group mailt f ; y • '• j^^f; ' ' ■ 'W0^;-; '* - ' ' '■' 1 ' ' "' 

14/ The method of Claim 11 wherein a to 
jet group and a second subset of the pluraHty of ink jets corresponds to a second jet group, and wherein said act 
15 of replacing at least a pptlioh of said iwnt mask comprises: • 

wfi^n an ink jet in t|i|e flrs^^ 
corresponding tto the first jet group with a r^laqemq^Jq^ 
jets in the fir^ 

when an ink jet in the second jet gfp 
20 corresponding to the second jet group with the replacement jet group mask such that one or more remaining ink jets 
in thi? secqhd jet group c^ 

i 1$. The method 
f eplacement jist masks, each replacement jet mask determining the pnnting configu^ 
25 wherein the method further comprises, when both the first and second jet groups have a nonfunctional ink jet, and 
when said first jet group is adjacent to said second jet group, assigning the plurality of replacement jet masks to 
respective ink jets in the first and seccmd jet groups so as to avoid the printing of vertically adjace 
a single pass of said printhead over said recording medium. 

30 16/ The method of Claim 15 wherein the 

respective ink jets in the first and second jet groups comprises the acts of: 

designating each replacement jet mask of said plurality of replacement jet masks with a sequential number; 
assigning each replacement jet mask to respective remaining functional ink jets in the first jet grou p based 
upon the print zone numbers of the remaining functional ink jets in the first jet group such that ascending 
35 replacement jet mask numbers correlate with ascending print zone numbers of the remaining functional ink jets in 
the first jet group; and 
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order of assignmciht of the pluranty of replacement jet hmaskis to jfespfective f unctional ink jets in the second jet group 

• . ■ ■ * . ■ - - • • ■*■_* ... »|. .-...-•»"..•.[.< k - * * ■*•*•*.-»'*»,*■'•'■,»►•'' **»■•■»••■•«•••«.«•••■■.»■•■»••*,•««••»_•■■_ . ,•, , « • -■- ;,*,*.* **•*-_■ ...,**.'.*._ - ». » ■ ■ . . .... 

is rotated when compared to the order of assignment of the ptura lit y of replacement jet masks to respective 
5 functional the first jet group such that the correlation bet ween raplacemen^^ jet mask numbers and print 

zone numbers of functional ink jets in the second jet group is shifted when compared to the correlation between the 
replacement jet mask numbers and print zone numbers of functional ink jets in the first jet groups so as to avoid the 
assignment of identical replacement jet masks to adjacent ink jets in one print zone. 

| ;|;S\^ 1h|;prihthead; 
;jf& ; ;|- voltage therein; 

= T*- ; ~- -1^ ■ ^ =1^3 STi^^^^^^^^? ^f^^^? ^^^-^E^z ^ ^ ^J^- ^ i — ^ 1? t -~~ ^ - ^ ^ ^^^^?^f^^i- 3^P^. ^-i-i^^^^H^ ^^?Jj?^^^^^J4.^^Ji^fBJl5^?~^J " " current fro m the d utput 

% • £ ■ -1 ge level a cro s s • ; • 

■ ^ nie^sunhg^ the 

outpiit CapaciM 
20 which discha^ 

* *-..***'"■.-."■'"■■"'.-. - , ' - * 

.•»•■* • 
'•.**.-:". - - 

- :••»••«.».. • ■< * ■ - * • " ■ * • •': . :**•• 

18. : ■ The system of Claim 17 wherein said output shifting circurt 

a voltage divider network having a first resistor and a second resistor coupled in Series with the first 
resistor, wherein the first resistor is directly coupled to said output capacitor at a first node and the second resistor 
25 ■•> is directly coupled to the first res^ whereih:th$ se^ 

• jiin said switching power supply so as to provide a 

a pull-down swhch, cou^ the pull down switch is 

. ... turned on, said output vohage level ^ 
: 3D is turned off, the output voltage level across the output capacitor decreases from its high state to its low state at 
a rate which is determined by an amount of current discharging from the output capacitor. 

■ .;. .-. . . . . I . t. • ■ ■ -. - -, • ■ ■ ..... . 

19. The system of Claim 1 7 wherein: 

said sensor measures said test current by measuring a test discharge period required for said output voltage 
35 to decrease from said high state to said low state as a result of said output capacitor discharging current through 
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said element which has been activated; the te?t discharge perioft be 

' . wherein : . : ' . yr : y y y .: : ' ?. : • : ; : ;: ; :££ : : : ;.: :': ; : : :': • :; ": : y y ; .; :• •: y^yy ; : : : zy z;'.'. : y+y y y y y :." y 

said sensor meaM 

output voltage to decrease f rprn the higti state to low st^ as a ibs^ p capacitbf discharging 

5 current through the bleed resistor, the reference discharge period being inversely proportional to the reference current. 

ill The system of Claim 16 wherein said o 
said printhead, said printhead having a plurality of ink jets, each ink jet corresponding to one of a plurality of power 
lines and one of a pturjality of address Gne$ of the printhead, and wh?rein jr vyhein an ink jet is desired to be tested, 
10 its corresponding^ 
that power Irie fe 

• '• m£an£^ 
IS ^ Capacitor meahs^ c 

mean| f or dlscta 

means for sh'rfting the dc vohage level stored in the capac'rtor means between^ 

means for measuring a test current discharging from the ca pacrt or means when an element of t^ 

• • . ; • is aqtiyat^ ■ • y-y ; ; ;f y : ■ : : y •: ipp: • ;': : y;: ' : l|- ::: : •:. 

20 means for comparing the mea 

capacito r means through only the means for discharging when no element of the printhead is activated, 

22. The system of Claim 21 wherein said means for measuring a test current comprises sensor means 
for detecting when the means for supplying power is providing a predetermined output signal 

23. The system of Claim 21 wherein said means for shifting comprises: 

means for dividing said dc voltage level by a desired amount so as to provide a feedback voltage to said 
means f or supplying power whicji is repriwentative of 

means for adjusting the means for dividing such that said output voltage level is adjustable from its low 
30 state to its high state and vice versa. 

24. The system of Claim 21 wherein: \ 

said means for measuring said test current includes means for measuring a test discharge period required 
for said dc voltage level to decrease from said high state to said low state as a result of said capacitor means 
35 discharging current through an activated element, the test discharge period being inversely proportional to the test 
current: and wherein 
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'•^:;r:v;-rv-; , :;; , v"v-;';;r ■ ■• • —; 31 rr vi - : : ' 

said means for measuring said reference current includes means for measuring a reference discharge period 
required for the dc voltage level to decrease from the high state to the tow state as a result of the capacitor means 
discharging current through said discharging means, the reference discharge period being inversely proportional to the 
:': '. reference current . - . . 



?! storing the regulated power in a capacitor so as to provide a dc voltage across the capacitor: 
IP;;-- : I ; ; ::|HW to a high state; 

alio wing the ca pacrtor to discharge such that the dc voltage across the capacitor decreases from the hlg h 

measuring a reference current discharging from the capacitor through a bleed resistor, when no elements 

. 

. . - . i - y "■ ■" ■ ■■<"»,• - ♦ -"->'*'■;■ * * ' 'Xv v * * * 1 *"*"• • •** * ' * • - • "i \* *'»>** v.* **• ' *-■ *" '•*'.*.*. *.*r* '*y*y*"r * ■"* * ' n - * • *,* •» '"■ ■♦*»*:• * •.*,•,■!*. • * *.-'•.* • • 

26. The method of Claim 25 wherein said act of measuring a test current comprises detecting when 
;;-a; switching power supply is providing an output signal to charge said capapitttir> the capacitor being coupled : to the 
20 : ; tiiit|)|f ^ suppily. '::-:r/y 

: 27, the method: of Claim 26 wherein said act of: shifting the dc voltage level comprises: 

dividing saiid dc output voltage tevelb desired amount so as to provide a feedback voltage tti said 
switching power supply which is representative of the dc voltage level; and 
25 adjusting the feedback voltage level such that said dc voltage level is adjusted from its low state to its 

......... ..'..*..»».*■*-*.*- .-...■.*..-. - . ....... .. . - . .... • ..... . * ■ ... .... .... . 

high state. 



2EL The method of Claim 25 wherein: 
: said act of measuring said test current comprises measuring a test discharge period : required f o r said dc 
30 voltage level to decrease from said high state to said low state as a result of said capacitor discharging current 
through an activated element, the test discharge period being inversely proportional to the test current: and w 

♦ . , ... ................ > . ...-.....**. .... . . ... . • .. - . * t .- ■ - » . -• .... . . .... . . . , ■ • *- » 

■ 

said act of measuring said reference current comprises measuring a reference discharge period required 
for the dc voltage level to decrease from the high state to the low state as a result of the capacitor discharging 
current through said bleed resistor, the reference discharge period being inversely proportional to the reference 
35 current 
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15 



20 



29. An ink jet printer system for detecting a nonf unctiq oal element in an ink jet print head; without 
the necessity of adding a separates resistive: element in series With the nonfunctional element; said ink jet printer 
system cemprMiig: 

first means for supplying regulated power to said printhead; 

second means for storing a predetermined magnitude 
so as to provide a dc voltage; 

third means coupled to said second means for discharging at least a portion of said stored charge 
jntp:-.a.circui|^ 

fourth means coupled to said spcond means for ^c the actual duration of a test discharge 

pertiMtr whicti: cbniip^n ds to ^ 
said element 

to discharge at least a portion of said stored charge ^ 



30. An ink jet printer system for directing a 
the necessity of a 

measuring the voltage drop across each of said series resistors to as^B^airt w of 
said printhead lis properly functioning; said ink jet printer system comprising; 
first m^ns for storing a predetermined magnitude of c 

second means coupled to said first means for discharging said stored charge into a circuit 
including said ink jet printhead and wmpiaring tte act^ a 
predetermined discharge period: 

are a ctiva ted. vi !iy! ; :::D::i^:. : y . : : v-^ ■ 
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